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mu1up*e receiver channels oireless caoraoosaoyvoso More fxasKabariy, the invention 
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a v ed t 

1 n > i < >< t i n < oaty ioc! > s < ryms 

soodulawd earner spaoab dad are osreiesrdy r d from. a. mumxrissloo source (for 
exasapk, a base tnmsoetver station) io one or more receivers (for example, stshscriMr 
ao ao , < <> gioa 

A tbno of wireless * -o ■ . >o >:dikk\j orolbplo transmit anteasiae aad/or 
! di e . . i 4ui a- \ > - , i ; \ < -;;ippoi 

cosaamalcatbll 0 ^ ^ aod spatial d< bevng 

Figure 1 shows modulated cottier sigaais tnwvUng Iroru s rrssumoder ! io 
e ^ „ N J of t * i 1 o i i , 'i 

V ! 1 < 1 ran < ' I a eotnposibon of a primary signal plus duplicate or echoed 
images caused by rebecdons of signals off objects between the transmitter and receiver. 
! > ' v > ^ t o s ^ ! 1 5 i i 1 u-eo*. 

, o v , siguats i . are reflected otTolyiects located e die sigoal path. The reflected 

I >. < u n ' . .s 1 a * 
i i a o> e U * o ° Mi ! j i 

x i o a oaso t , ' \v s 

1 mse the defence too i a wo < 



vVt.H.>..yuS4Ko 



reheated spyoais ? >-< signals are received v< 0 j times, • he bme - „ v > v. beneeen 

,i< 1 OCO'Xeb.od 1C 1 S< 0 OS > „'a- 

re a j\ il n u as 

The multiple i o i by the modulated carrier signal typically results n 

hdns^ e d i * i ! > i > v v v - ^ 1 

iu u' i <p ^ t'» multiple path 

iihiLhd Phd.pd Pi V 

f! i b „ >i < ! 1 < ! ' v S S 0 < o < 

at hod- the base \ - \ - ; v. 0 .< «- arid at me suhachber units to increase or ->n rate in a 

Of! >0 \t I ' i i> ' ; ! . > ^ I I > U S 

f > , > 0 V s L v < U , i , >< > J\ 

uumbsr qf miemrae. For example, if three antennae are used at the n s (base 

m slatmri) arid die receiver * n d caby the stream ef possibly coded 

^ions .t*\ « v is spht into three independent s These sisbsireams 

access protocols include a seme time slot i a dnendicnaon meityde access -protocol, a 
same frequency slot in * p multiple access t > e a same code 

sequence m code-dtvision multiple access protocol or a asms spatial target n $ n 

s ^ !t ' , i 1 ! - 1 M ■ 

< . 1 i C < ! ill < < * > 

various scattering ebjccis ;o the envnonneny each signal espeneneea muldpaih 
props action 

vv<- o - <> v x y u - a i. ml \il eaptmou \ , 

array of .receiving antennae who random phase and amplitudes. At the receives array, a 

> f - t - <_ > t ' i > * , >< i 

?;gi <uem- cci m-i ju^ , s •> 

<< > P substreanis 

i tines < 220. 230 that transmit da 

umbels to vet trm vrt eh. trans mtere t 
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sooh schemes, andhpie iransrnit signals are sent over separate antennas so obtain a dnear 
increase in data rates, Spatial nuddpletdng schemes require no channel knowledge at the 

- m < ( ;ls Po « 

>> - -'un.N-i •■:< <i:\J.-- oennei an udc praeenaes that nad oa? o; .alone nescaac odaanK 

< U£< T Ud sais As 5 SVHdi fUC * ) O } 

i J i N » - > < dJ> or s > 

> e> > < h , 1 i >n ^ o v < i , \ v v. <e- a 

poor tv v. <> qualify channels. 

i ieBIBl red 

1 ! ! ( >i! * i ! 1 ! i V CSlti 

system , xedrree ^ effects < << * < i o Jading. Antenna d < . n> can be obtained by 
providing a transmute; endear a receiver with two or raere af.naaoae. Earn transmit and 
i un in pair arebide a. transirdasion «. an ; lire transmission am ^ fade in < 
s'Uhicsh i^uMtn 1 tin ' 1 K t <. <. when one transnussien channel is fading 
due to the destructive eiioeis ^ t > t > <i ' v , another of die -< mvsun 
s i - s f h < a i , ; ! ! > at <, 

redanreeracy provk - st nd * ?d s < < > s ne! c s die; 
reduce the detennentai effects of lading. 

Multiple channel receivers are generady associated with spatial )i <l\ii ! 

- O! - ' 5 ad i i < 1 v. i i 

o \ k i 1 iJuab k ^ ' t< i i 

associated wit? cared of the received signals - different \ ><„ t channel receivers 

^ o> » I N M who Td<< w -iii'o> s ' x-o i I t ! a ; 

optimised -nadt respect to innanmamn signal interference and noise, 

s a t ^ t - t < < < i . ) t 



WO feJWIKJS 



0 t> l> „v <, v i I 5 ! 1 Ots 

Su«Htt»ry of the InventSog 

i <H > irsbedas o h 1 and syss.es Ibr adjusting aropbtades of reeebee 

O ! > ! f 5 ! I U < <. 

i i < < ' j j i <> < n i \ r a < 

urfoooaboo suyoab at a receiver, Baeh : mbi'mstie ri sagfifds ^ i- «v t> 1 a 

<<" v. > ! ! < ! f u ' b , ^ , s - J, V) 

ehraioeita a receiver chaise? «. ? a o > to each > t i ^ a charmed Each s u 
v. a > > > ! <a s x ^ s 

( < f' sigard associated who each v ir.'^u. is adsesied so d « of 

i da; received ohbouanoo >w are > great as possbbe, abbe sbh i n m <"a 

, V. ! i i > ' s 0 < j 

toe reaeivad i^bbriaahoe signals > be addhioaaby on so > lbs siarah errors of 
each of the reeereed ? > * ^ signals are appoaairoaiely o>{ b 

The brat eaahohraraon area. iaoher haebide signal processing of me aiarplbude 
adjusted re;, eared abonoaaea signals enabling ;ar estimation of a racer-, ed aobrmaboo 

X ! i. * i I «, ' ! i 

\u i ; f > > ! > >i v ' di i a ! 

^ a ? s n > s f. t ii!) eiua a 

>. a ! < o > 1N < v \ *, x \ - < > i ' j i » i m > if i o 

» n a v a eh forro on - s > 

A second arabodaorrai is sired ba to the (bra enbxaheaera The second 
„ o\ a a x n i o ( ^ ■> \ o * ! 

. eeoed. 
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t ditedtstonn ranee, Th im< the* 

> COCdd H A- U\ >t V < iO * v < ! 

Opened O't i > m„ !]m * t <f , ! v u 

kud'^o^^ o -ii s s n ' lx pnek^uxei crboi In, 

rec ivee nkn-« dea sigj s >appco\hoa h equal *o ? determined at get otoj sac 
targe?: error > be dynamic depending npoa sigaal error, The largei error can be 
^ I i hi a i s< d >gad 

* 1 > > < l< ^ J > i S . , , id < { iLsl 0}< iCiKf 

signals 

Another ernbodterent includes ihe noise reference- and < distortion reference 
< n > ' i i b > s i f i , ! a 5 

signals 

A Mt4 mfoo&mant h mmiht to tee second erab<MiirnenS The tend embodiment 
fertber nndades fee received bidmmbon m grass being i pb earner x , and 

1! Mi MX «. ^UlUisMtl! i 

^ A" n< 1 m canvKve * t i, < <> , nams ^ n t! dr I Iht a <n> 

reference and d^e distortion reference of each receiver * n < can be , s i u , da n<> 
u\ ' v i < » < o tfv «^ 

V 1 tN I 0 v. i , i v< < > S > J 

signals by esfernfeng die noise: reference and distortion reference of each receiver 

* i i aq.aOvM i ho m s s < e < i me 

CO 1 X 4 i 1 <. > >} > M i 1 i i , t 

! > v e \ v. i n i < 

a nrro d su came* 
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rn t rial U n sam] « 

U ( Ui i t\d K u >' s t ^ 

j a b >o i * i . ^ 

chatatwi con'ospooriiog to «acfe s < < ^ chamoai. Each recejvsr channel receives V 
< s j < h .»>><.> signal. The amplitude of each receded > o p > sggnad 
s i i ' with * receiver channel is < ^ so * the angdhodes of all the 

>s! i > 5 ! ! ' f i , > f *i U i SC i 

oh < ;;Oi j < ! .s ^ow; sob v nh 

> < < i Oil >. ev saved 

si > si goals. Each o e<> channel can be calibrated ^ ^ a oolxe 

o< ^n.u. ^> w 

A. Sfth gfflbodimeoi is sbniiar to the foaoh oiobodiojent. I be firth eaitedtm«at 

it Ik i I i < < i I } j 

k x i lv i d « o i o i « * < b 

! . > ^ -i < o \ o.?< > ooise reference , i diatorhoo ? , s< caa be 
additional 

tt <k reference aad * distortion reference can be additionally used lor is; - m 

selection of a < ^ ffi ode of the < > - < * sigoah. 

x > v i * i v. k < m <. >t io < > s h < nil m ? 

didoes , , eb v ^ . ^ ' * - ! " I 

« <\o > s ; ^ N > < < > I b 

which at iessl ooo sub-carrier of (he reeei ved ooahipk earner signals is ouded. The ooiso; 
5 hopev aod hv «?tsk» ''Oo u to , s a n * h u < e- <b5 oo; i > r oo Ms » o - > 
L, «- ;> s o>-i ^ \l, \dL^ t« v, „ « KJi n r ' ^.ao ^ ^ vi< < ai , K 
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charmd dicing reception of a aero ame slot. Cbbihrabrig each receiver charmer eau be 
accomplished ? f receiver is s s \ to a > ; o h> of the n s r signals 
by estimating the noise reference a distortion oobamco of each rscemer charms! during 
a zeroed sub- carrier, 

feed i * r v ? ! xewt>U 

embodiment further: memoes nmahormg a rmise reference and. a distortion refcmaca, 
bo, - a k\ i roin U i ^ o , « > m > 

can be determined by zeroing odd torses of the motbgfc earner signals. The ! o 

m< »>. v i - i > s » n v < >o v s t a K 

a ; * md 5 j i o < i si t 5 

h\> * m i ku ( can he iU i ui as a statistic of noise and distortion ever a 
pU ra it\ irne iniervrds 

v ho ^ ^ en * target level can "be determined by a o.a n i ! * „g ' < 
valise. 5 U deietanmed target ..signal value eao be dynamically adjusted deeeodmg ogan 
u ^ s of the notse reference and the distortion , s menee 

The Signal error associated mob each of the nrfhnmahon Signals eau be adjusted 
N a > m 1 \ m \ < . i» sk , v m 

x v i <. x t i \'\ K HO, i 1 1 KOOS i i 1U. O ^ 

re fereaee and the distortion reference, 

^ \> ! < > > , on n <e m< oi < o > ! ( ! 

U, ndlo < ,s « s < omiuvf Q) \ < oj .anmg 

^m heumnn ^ v > on \ a* > n < a » n » 
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H D'Mni! v ' <<o ^ n ' 0 >t k * k 

. , vdlmerU of U?e s 

v ku ~ n> , ' < n - > i t ( < v. < - s t 

ooke aiKi vKi Li 

s *e shoo . <, , <^,<<> >K i ' !,u < vi,« 

t a I q 'eon (Of DM 5 ^ ^ ^ signals. 

Figure 6 shows aaotUt > m vJ> «. ot u.e xm^uium That U»< < th. ability to 
fhauu^ or ikhsc ara tjarvc* ho, xm o Jm ,\jpk>txY^Jx' «^ 

t ^« c < , a plot < < S nl'ftio 

the recent <m t n . m it u j * » ot J he tec-tvxx! tu »h on 

i-igure S sh^-aa tlov chau of step* »t och mclated Mtlw a* orbodtuw of 
the on enoson 

> < ( ^ * * 'if* i t * sn ? i \\ »' i'n'i* u>! 

As > > -hs of » ^ ^ ^ o' > ! , a io, U i^ort u * vrJ ad 

Jt ?u - (I*. &kti CT I purges nC revcuo tntOPt^notl NiOtK 

K > v » i v , n > »» ? } > » . t t >' un«o 

also ioct it, 1 storfior 

»*ttuw i o. ,o t>« noito ^ l< > o tl ui 1 

l \v * K Si - ^i r < ! O i H l v * v is 0 
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partloida? rslevauoe am cellular wireless oeaaaaaaardon sysataas A base station 
aaasaasa dowahak 1 a K over wireless chaaaels to taahipie subscribers. ! addition, 
s , subscribers , a a aphah stgaals over the wireless chauaels to the base statical 

.aa" icec^o \ebo> for aparav ecnranubcahcm It k .a < -sx cr „ she 

■> x \ i \U s { , j ! , ! r N " ^ x 

^ f > h> K.S i O ' < ! b . O 3 

!A 1- v - J < - " '-- '< a X < <f ' 0 b> 5 

lb ><^a slut > s\ A pwvs I b ■a > UU! i\ So u*U< rr„s < ! na 
diversity beciahques atabor spatial aadripkaiag aabaaqaea in sbdhban, each subscriber 
eat- be vaeipped asib aaabpie aasajaas that peroat bather spatial aahheieaiag aiabar 
aoiarrua diversity. Hingis baao lalalbpie Output f SiMO) or Malbple I«p?.a >1 « \ 
Output (MiMO) configurations are bath passible, la either oi'tbese configuration^ the 

i a < ^ > s i b i < i! < 

u uu* < w < t l k techniques of the ow < at iaf>u apply at a ot-io- 
anbbaaaa a>\ Pa a; a act »nu d t< such systents, but apply a.s any a km \ > 
aann <, < syaaaa having at least two devices m wireless . cma tn vasoa 
Aeceeiaagiy, for sarsbuaPg the following ncscuphoo ' focus a bi taveaboa as 

t < u t j? i v ipa ad, i, 

3 s < > a t ! h 
i < ^ r ' ! > ' * ! > < b ai 

^ I s s v N ( x > > i , s j N 

I 1 r x s ^ s 'x a ^ a a p < t.^ ^ 0\H bd- a 
n tmra aeeess v > *. orthagaaai hapanncy division 3 ,0 access i x \ aa<l 
oaveba. bi\asior ; oaahipla aa,acss. 

x - a n (. x ;> , 1 s s 1 a { o t i 

traaaraisaioa eat) occupy the saaat ctaaawl (sa.;ae traasraassba; freqasswy) as the aabak 
s s i ! ta a ^ a u < % a >, \u - n > 
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bmpmmy division duplex (FDD)- Teat ;s s the domFom tmmebssmo can be at a 

{ t > r i > ai t v. 5si DB !Iow< owi Id ixms 

au up avnwMO v ^ j smudtiuicousiv 

* i 1 " < s < 1 ■>! \ i ! , , 

m •> s m > v v ^ g . e< - m 

deleterious effects, n , < !« > << the presence of multiple signal paths (dee to rejections 
off haddogys axei ether absiaetes s s i> a envnammerit) causes variations of 

u ; mps ;m ■ - s < i k i <. > i i « 'tl < U to mag buegv ooh 

time as we!!. As a result Users axe temporal ehaeges m cham.ae; commooffstieri 
p ' no sued as data capacity, spectral if 5 <. t f j oat and signal quality 

< < v l v ' i ^ \ f ) S UtO 

I k 0 > is i o ' over the wireless elitame! usbag ore of mrieas possible 
tr ansae ssion modes. For the purposes of the presort ia h > a mmm o »t modo is 

\ i < < 1 > > 1 > aad -a;., cm< 

may also include otber m t < aspects s u< nu ?< s«ch as < use 0 n t tea 
am £ spatial > ' < - , > Usmg a particular - < < r made, , intended for 
vn ' < 1 I > 5 ? f * -s !< ! 

t > < ! 1 i s > t < ^ mo 

ganletdarht codes koaowa ht ilia art s as Mar ) m Codes ; - l\ Codes aad Reed- 
s - <. m et > < m h l mm 5 1 < s 

F-Sd * \ < - i 4 v f si 

axd ol\ 1 try QA'M Idditioual popular s * * > iqaes incl GMSK * 

i k ik s < « i < < < - 

con j 1 i o„> s y ?ec s -mm sm U •' 

ffr t.H > , o> 1 g \ m<m I i ! <' 4 x -0 > <I p > 
division n >m \n tui d%F=iood ' ! b dcs tH< } 

o uMr > m - » ! e e < i f 

^ ^ ; i , luOs c f > ! vi, < . at >a0 
•id- 
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) u ^ h s | i 

ft N i N ( ! * generally osAn ! . adjustable gam element, a frequency 

^ oos a first i mi K < tf v t 310, 3 fimt n M mu converter 312 m a first 
ADC 314. A first » ** *I adjustable gain , < n A 316 has been included to depot a 
poss;bk inekAoa of gam adjasenem ; < the first ADC 314,. A secoud receiver chain 
! i v A > - > j ; o \ 

second ADC 324. A second digba; adjustable aura element 326 has been included to 
x < , - - L 15 v. - } i , v. < x n N \ i No 

v. . a id in , < t j 

' ' ' s t \1 N ■* \ A * i < v i > ! C 3i,K 

to depict a possible mciusioii of gain >o -t.mt after die Nth A DC 334, 

* sceoo ; , -< „ < > < ! < < n o s 

3!0 S 320, 330, the frequency converters 312, 322, 332, aod the ADCs 3.14, 324, 334, 
0 * % ?3J u sen? 

m > a \ < < > h i - i > ! C m v « o ob 

gam „ - o ' , 320, 330 are designated AC A3 ... . AN. 

^ n the < o < s. v v i uk 312, 323, 332 down convert the frequencies 

* i it. s t " i 1 in t ( < f i ! 5i - 1 u < t. 

01 L 2 i>N Cujct A iv i i >«m *. A* < A ase ad at OA sa-oo 
equesu u\ the tVcqncnrv < 1 - < Con com o r ibo fit < sol 

t t x u- oi ■ base b a nd 

v \ \ s <A ! 5 < >,r > ijS ' o \* . A m * j 
eoeut 3i ! im, u t i s j t > < m k« roa] Sou \ _ 

.41,. 
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v k!,Lj V K a ^ i ! , ^ 

a j > • 1 > < \ v „ * i _<* e N l ^ v •>*> *< <! 

> $*XlU < ! > 0 v ipi 0 S > I i S i 0 \ 

\tt i i ^ h - 1 CiM V, 1 K |U*»X % <k V- P 

' f 0 - 1 * > i ■> v f < v < ' * , 

>i >> i M ' , < <> i\ H N 

> 0 s t f i * i > i \ s » 1 

I f I i 5 f > i ! < Si! K ^ i ,M *n 

< < ^ <> < (I , | i ^'M f 

i iii.c art s j i i . * > sysierna I < tnnanmasiva * or throughput of (he dstta 

< 0 klo C5 si \ 

a * < > v < , < ! < m vorns 

was t v<n o n <* v. i - f s ^< « v< „\ < j to 

recover she k; meodsd streams. II I k streams are signal, detected, decoded 

ift'u 1 > >^ ,5 l j at ^ i n i m ,o > v s > u 

I nil i !\ na < > > s < tr< 

recovered 

s ! i> O V ( ! ' V i ' >i< < > it O 

> > < \ ' v ' I » >i > a <. <. 

Cv'sOO <o e - 1 1 t e > v < k f 1 it, « ! * o, 

\ i v V . > < v v ' i < i \ < >l \S X 

t > i < M 1 < * 1 « 

s^aad^ -v%\o; noedi! e • : da <<- ? a <J< - u <eei 

■* ? I t <.x ^ as J ds i ! I i 

distortion ^osapeaeots associated with them even before being received fey the receiver 
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chains. id >\\c\s\ the receiver chetos also iOu^ v sortie signal v s • >\ av so e d 
> d ! o \ feni tttoi sign \ s 

baebiw. in toe 1 \ 5 > > < s 1» uuxs 

thene^t <i < ^ >. i M i , u k"ooi t$j mctu <• dde t oral v e t;h "-too 

> < - ik ■ I - ( <^- <. m - ... t ^ i i' Oi i !u atKt! 

e< < , tiers -.a< s 

The fet receiver chain > i < < a it signal, distortion source hi , s first 

i s<! i 1 ! , S O * i ! 1 f 

O ! i <S ! . i , < i » f s i 

to S .< v i ! J * 5 u^l Ov1 * ^ i> n 

e i O si o i i f tx h< HAN 

< < * > I t U ! t i K x i ' X 

and noise sources u > \ axe shown tor s other receiver chains. 

' v < " k *!< AU{ ! UN < , 5 M Jv < ,>e 

Chains to the received torhntmttoe signals, it is desirable to > > - the gam t>f the 
adjustable gain elements I 320, 330. Amplifying the received > < ^ m > u>h 
increases toe amplitudes 5 noose of the received ntfomorooo signals relative; in tlx. 
absolute notoe door of the mem vet chains. So geneiallyg. j is v < o to maximize the 

) < tOi 5 ; 5 < > 5 O 

Signal distortion eototibtitod by each of the receiver chains is gem mho dee to 
\ 1 N \ ,e >f l *! 1 i t to da teccher chains ho; 

\ - > <! > ' ^ i >u <u oi ! 

t s m goto i ! ! 310, a 20 to 30 are tee great, the < t > 1 gam dements abbe 
320, 3 ait \ saturate. ! add. scbstosihss amounts of hsfmorne I v n u to die scorned 
information sigmhs. Similar distortion contnhttoons est- he > s x > by -be * > «. \ 

U < to ^ ! i ^ < 1 * i < f < 

d ^ M \ o to s < , s < i N N n tto iv ( - < 1 

d U „ !. < s J c n 5 <- K \c «0 ! 
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v ! iv oo .-^able $yki Uviiit. m\ - * - N "»M ^ maw» <. I •> k\ u« ?oui oy a 

* > n U<n ! s i in s f v4 < pivi k 

i i U xl \ I Ml ^ <. * o ^ v \ s , s v , 

channels. 

ddkiilikb^ 

<. x\ < 1 s > 1 >; - t <. , 

frequency «< > f a < multiple data carriers. OFDM systems include multiple 

J « !S ! O ^ i i i i - v < ^ 

u x< x <k < x t > j n 

- < 1 n v i s ' * - b - 01 \ 1 i J ! < " v eo On k 

isF > i ) i- t . t > M isC > >v (tO^ 

s|>K ,4 > H v > ^ 

by <lata symbols, a»d/o* daia ^ 1 O followed by a cyclic saffa. 

Figure 5 slows a frequency spectrum of OFDM sub-carrier signals 510, 520, 530, 
> : ! * vi <*>o KK . h v b < a - Mo % - t<> -40 ^ mO o , e, ! u i > a h 
symbol. 

* \ 5 \ . i 1 i«i iH -h At 

carriers (or tones}, each curving a single QAM < ">< per hurst A cyehc p;Mk or 
cyclic -otv js u.od absorb m - >- u ^ ^ - 1 * > < caused by arOOpaib 
signals. Additionally, the cyclic prefix or cyclic suffix causes she symbol stream to look 
penoda Additional symbols (&r example 100) are * the cyclic prefix or 

cyclic suffix. For oaeb OFDM symbol period a totsl of 1124 samples arc s ^ " ^ by 
on:- Fyc omque QAM y akob \w ban" f . hi aenuot ip ine rime she iodic ptefh k 
^v\ikofv> <y„^ u>k s ! > i 1 < * i 

k l x- x\ fx X ! < > } s J , v 

mast be greater ihaa Ore delay spmad cf j mulbpalh signals. 
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w-l o it k v mi i t ^ b s ' 

me noise and distortion can be made at she nv » > , < i slot of -be * a Joe sub- 
carrier 540. Without a s > ,a s being txaasraincd at the calibrated no and frequency 
slot of the zeroed sub-earner, She received signal consists oriooehly of the signal error. 



< an i" i < f n * (* , 

oLji is substantially better ihao a signal * estimation or calibration obtained by 
eroio i i.ogl earn;. > ho lecarri ; s v emhy -v. rac oi -see? earnej 
i o I ^ s Uo <a < s unroh m in K^ai «. bvifit u,. d a- -r 
he j imik the .oovporooo, * nh , he ne.< ta>, . « an nob ,^ u »u - dt u< • « * ooh 
earner. lioaikoao she ysnoonaro of fee nigon! error during the zcjtvd carrici single 

^ < m ror when receiving a <ton-zcroeii carm 

However, estimation of the signal error using a zeroed sub-carrier voder, a ns«U ipte 

* a es « oin , ^ i 5 . >, ) S s jo; , > 

the tr i m of the s d tone, the majority of subrosjxiers are at nil power. 
Therefore, the components nation the recervor chares >> 'nl distortion due to signal 

imua am z<in.c„ 

C i;K\ ro. s a sro>s\: i .a. he I -Oe< - 1> , v Ho ony va,- -.n. na -k- 

\v\> e.esnoo 



I ov anedo " n<i n , . iu » , > U 

vb > ! h 1 ^ > 1 no ! , Ov ltd \ t mh o . a 

! ' > > < ' < ! 1 1 t v. I ! 1 v 

chain of a nrohipk i a raieuno ror ca; rciudeS ho xesoffhe receiver chain 
sfo-vn ns Figaro 0 

Vxbon ^ro, rof disoaro a axs < eneoo t\ receives an 
arovv oil , > 'n! >h on , 

o s s od , * romb »i \ i , v« ^ , ot.oo fo * Oeo'v -o i a a eorocros bv 

in 1 ! ■> \ * i ! ,,cni vnooi 

•da- 



W>on s \t o i v >i i Uk k t h ! 

rapled i > t i Oi ! < t s <■ > i a il t I one; ! „ . a ; v 

vaa\oi ^ a is i i ' > i t i \ 

1 1 * i t i i t v. i i < o s * \ , 

> - < . h L " b 

! >C it "s v < t » K t b s 

'? i > < si ! i ^ Si.* i 

s < ' >. ^ . t i < t 5 >. r \ 

si > 'ui.i Si J < . < <- , a < t » i s 0 Oi < t < 1 

'k ii i a i t v it i n ix 

< , * 1 i . ! i s .< ' , , \ v il.v p , 

» M b' 1 «w d j utu . » , - , < > adnoaaaV oaa uci-ivr.i > h ht. 

s s f i t t i . > t >i \ 

v i ^ > t t> V« . > h O, x Uv j 

i ^ J qu i* - b.sto 

a* ike tiaaoosi: a 

Us f U < ^. 

rp t where a r > s > sggrah does not exist This provides > <. t r>< * of the noise 
ane distortion of fee received signals, A sample >s also eaade where a , oo> aawoa signal 

s know to exist, .These > arm i signal) 

s. < be osed to . s , ^ a signal to sieraU error (noise . ' - , » i < As s be 

. i (is u . < l « < j > 

N . 5 b ' > ' \ 

^ x N > i i J ' . « t > > ? < 3 

1 s i s . i? ! i < n s t > 

> -b V- . i I t t ? t < f 

>mpai x sample wit < - - ^ a 

^; iK^iP e .^h ,.vo * i > - ^ ' - t < s >b « ' . - - 
v i , N N k 1 >\ (sasot t\ » \ hni > * >j A 

f Mi^^i f » >v < ' _M * a s v e.^nes ^he 

-Hi- 



wo itsmmu 



v , 0^ h I K W * s 4 ir S>,0 

f > i ' > 1 v ! V t 

oih&t nshmo mOaein t t s > - jhnv 

o avilueixcs i ; i signal 

a > < - , t m sk , i * \t e 

provides a 0 i between the signs! sample aad the target signal A first tow pass 

! > i it ! < < > y K \ * i « v v N v 

s 1 > 1 a ' <> i - e \ i\ %v 

6/5 to control the dove of the analog ^ gain element 610 and/ot' the digital 

\ i I i i! O! 5 > 0< ^ s ' > ^ 

m * ^ oe < v * \ v n 

i i m 

h aympmm$ ^wp' i a signal with a. target error, a seeorsn! comparator 
666 provider; a diirerenoe between the sample without a signal end the target error. A 
seeoadiow pass filter (LPF) 665 filters or averages the ouhpot of rite second compandor 
id a n v. s ^ e> i 

o a' 1 1 « h ! > ! i < * o> j 

ductal n nsx * ' " < f - v i ! - ^ in , 

t!0 635 will converge noon a setting in \ on 0 the si a I sample ts i > n > a ^< i 
at th.-tagpJ eron. 

i i a < to i < i d j ' up^ 

v v v i i * i i ( a i *j ! 

for dre receiver in |n-ooesdy estimate < traosnriherl m n < < , the receiver must be 
m <! xgv locked Sime taJ ad {ore a ann Vn "^t^w ,1 1> ( \ < ! : ta 

H ^1 " - ! Ws 1 1 Hi 0 !M i i < 

s . i' Ova'iv^ f KW < ^ ' < > ! 

performed daring a zeroed signal tone slot. If the calibration ts peatotrned daring a 

t s ^'e ! tcr'U i e < { - ' i d > 

- ^ A O ts ' L - x O ■> N i | 

y<\ x nit n > ii id e e < ? 

47- 




i | s - v it Worse hbnu.on < n -j h I i 

I ! bioefc 640 

■i i s ,e; . 5 ;< i > ? ! i> a >c h'lu uorsds 

>! „ <5f L < !< ,5 * ' - < ' N - o v ^ , \ 

characteristics of a « > v c ' whiiht the receiver chain. More specrileahw each of 
n components hcnae g renge of signal > ~a $ which fee operation of ike 
Wipoiieats is more linear (less dwkala 1 I • : 5 id target es an * an h 

operate eeihm I >< linear < 5 a power ranges of the compontaoo 

k a Ik f i i i « m . 

h i s . , 5 ' oi \ ach aotageons to 

i > ' ' I ! O t X K J v !U 

ihe «. value. Alternatively, each receiver chain i a n i pt independent 
, • e < O W ; 11 

? igure ! > 1 * * f 1 

the received information signtso and * pooler eh i received \o io signals. A 

1 < ! i i ! ' < ! , i( * i ' 

Information signals vetoes ihe power level of the reached i^mo n signals. "Die 
noise components hove < eonwaiked hy die power of live received " u < net 
aigeais. The noise components ::ao hole average while a » \ noise of the received. 

^ > , 1 < i I I i ! ! <. , 

e fool carve 710, ho hat ivo t wer of th 1 

mtonnaiion signal decreases as the power of the received in form ah on sienais increases. 

A secoM etirvs 724) depicts the relationship between the distortion components of 
Ok. i cenei i ! o o r * ' > <? 

! \I uiM 5 v i t Wv. o x 



rehun o so ' k rv •< > eg u >. : ,\ i s ^ % v. 

receh eO Inibrmahen sigaals increases 

( 1 , 1 k - > v 

ie nne > h if i po * s x i ns 

vi <. ,t * > ! - " ! U \ \ 

i f > », i -> , 1 

{ Ji << , > . !> > < i - ! - O t -'\ N . J 

distortion enrves, U ^ V ills optimal range of signal power tor each recover ck«» is 
lypicall) dit>i rent 

The noise » <) \<i purees < t change I dme. Parameters such. as 
i > < i agum, ' > ? i co-cliaime; , ^ e adjaeem ehannei interference asid 

t t i X „ t < i i j i \ N s < , s X 

„k -v! hcO p m- f-n > sk < s of She 

preveuedy described t. > * c target ...error can. change with bme te adapt to die 
time v;eynp: opmna.1 range of signal power. More speeihcalhc the values of the 
s v 'V * > < rape; .error em be based < < continual n t t o ± > a s of the average 
white gansdau rsorse. ! phase noise and the nondmear (histoidon} of thereeeipsd 
ndonuadon signal 

<> V 1 f IV t i U ! , > , , s 1 > ^ U 

the i v < s aaei the aoo-lroeer (distortion) of die received m e ? signs!. An 

XX i 1. 1 S ! < ! t . £ t 

\ n v >re> nple, an average white gsossiau no'm 

i > 1 ' i DiKOIuS'V ' 

An average white gauaraan noise, phase noise and iK)xnbiieae(diatorrioft) eha^ctemeiioe 
. a 4 ! h ! t s , ! i 

f > > t 5 O s<. t ' t < < > <. f 1 

' :u- o '1 1 ! > ^ t t c * > 

v S'i^v f\i f lJ ! U i ' < v 1 



id- 



The signal error < > he aseo * * decoding process: f the * w < ) ds For 
' J i 5 o o < < - ? a v 

if ! ! > i < >i" UK O 1 i U , I 

vi'l !! > i> i ! < < ; - ^ v 1 ;a<^ ... 1 

U 1 U < < 1 it 1 t 1 < < ! ! 1 V 5 < 

the wee* v c> That w dte signal power to signs] error ratio cod be nsed to determine a 

i i>0 ' > V ^ < W *.<. 

other , no 1 aspects of t e such as the use of < f a ^ diversity or spatial 
- u > - > ' 

I r j v > i , k\ t o f 

t < ! i > , < ! < > * i V 

< > > o signals at a roceiver. The irbonoadoo sigsais eseb travel fhroogb a 
<. oedarg UvmstniSM * > . > ( > e 

vl ;«»K ! v v < * - "! ^ i J < , 

A first srlep Mi loethoo includes each receiver channel reoemng a 
w 1 < - > i 

< ' i " a ' > , , as. s m 

signal associated will? each reae-iver channel so the arapdtades of .all the received 
hboiviation signals are as great as possible, while still nmousioreg a target level of signal 
iowheaeeoei < i no-. 

x s t j n >oo i ottk 

ioverehota 



A *n«;t sa.o ^hb> ve s « 

-20- 



v o - p 0 v , < > > ' n \ v. > ^> ! - » < 

signal associated with each receiver diaone} .so the aorpbbades of ail fee received 
i > m signals are approximately euaal to a yrcixonum target kve: 

>\ tfek " J * > u » ^ i > s t . 

a. I v b v t nu < t a . s ,d ft « 

hoj i iot as < jK » « n i . wJ > I v v< o I 

u <' V • .! 

parts so described aruiillusirgted.. The n o > is limited <mly by die claims. 



••21- 



Claims 

> " - s w 

} \ ii. d\<e a \m n <■ < : he U i v ; o t < Ml at scvuvu, >o ,a o- > 

sigaah each traaeimg « » > j a » * ' s< - o * channel the necehvsr 

10 » * >" i I UIJ ' ; < s ^ , 

n t s a > a 5 i ! ! i 

Si <J " il il !. ! 

i o i m zmpMuds of each .received mformaiiosi signal associated with each 
receiver chasms! so the ararhhades of ah the received ejfoneahon aegaads are as great as 

<. i a s { \ j 5 t < , ( <. 

- es a * > s -> 

>. | j\ )Ha( e J 1e 3 

so tb.it> n.l-nu < buisj a 

Iwtlser c> si ; ^ aigaa! aroceasmg the * > s < adjusted reeerved < !>« i a a \ 

x< ' >< a > <> 

4 * > t ! s > f < 1 v a> 1 > 

, f . > «. ■> a f < < > ' ! ' 

, ^ a - , > v < < > ! ■ .'^( "J aSiifh^. 
^ ^ y i ? 

5, ! - , iiui p's s , U'OnMju 1 "uvl 

provides , •> » - ! af hie reeeavea eueraauiee >» stream oi Sraasma daaaada 
■\cei'- ad au'eracahni sngaak 



! 1 v fh ! IHI cKlll\ts II l > ii v K 

stream . 

1. ! In , > , if re.\ < x ivccivc h 

, t h < i > 

wherern \h< <■■■}-. ~- of the ;\\ v-v. reformation signals ;uo sdddkinajly adjusted 

so j , a ^ » \ n v 

equal 

9, S ! i i. ;\ > i ' < ! < < a 

< < , < i < < > > o l>H< J 

equal to a determined target error. 

< n 1 > J >f Jam « 

? l( I > . > > n 1 > i * 

■>i i the target eoror is deteryrmed by ^ > " ' a oonrohfee error sigoal 

li! 1U X tu i^l f Hi! I MiiflMOiUU! , 1 e > <J !; 

wheteis iho node reference * the <. \ o referenee :ac > >u > \ h em' for 
, w 5 v I < e a v « s id i v i' 

5 • i < riuhoJ-d;e^ « t h •> t < o^ m >} s 5 - i m i. * < 
a a h a K ! i i * < . j< » i i ( , 

u < jn J x M ( o i oe ! ^ * ! i hi mj. i ta& 



4. Tbe xi>>fu i\ eea i ) „ « <. * 

wherein the received nib i an nais are » tiple < trier signals, and calibrating 

's P M\ s - 5 !! c<r , v in - 

!, , * ! > \ > < U > 

Kneteneo.*, < , »'s n !< iv.si * . u sv i 
( ^0 <, < b .»! i i m tmes 

15, iae xnethod of receiving s \ ie > of iaforraaboa signals at i reeeiver of eiatro 6, 
H)i i ^ \ > \ < - n ! ! T - a 5 x 

eaeh receiver chaoeei is ;naoropbshed before > receiver >s s to e 

!N , j of tee f j i i j snanba by estunfihng the noise , a and distortion 

l , v. > \ vi <^ s < > n v o > i , I 

> 5 j< 1 i >, v * , o >. > , v v i on x 

^fo > <.,. u. o o< > > < < - <K h nm 

each receiver c'h&rraei is accomplished after tbe receiver i phssedeckeb to a 
ifasamifter of the ni o e < n signals by oi nctine tbe noise reference a»d disisriksE 
wiui. of eaeb reeeiver u< 1 I fo a aeroed -ue wn est 

v tnrl i < < . , s * < < 1 

i 1 ) ' <. ! < - f v. i i <. 

^ , ! > o > i o it e < " 

ode— tone o n ^ . fo nho veopied. 

Id, A method of receiving a phaeliiy of httbnnadon signals at" e receiver, tbe <s > ^ 
$ vi ^ i ' n i. > > * 'f ' <- 5 

co ip one j i a * lbs avente cbaanels. a ee.coni < ^ > < ab 
e n e > ; e , > <- d > > > p n«e 

h uvea >f>vi N ) < ^ > < < < ! > 



-24- 



sa 



adjusting an amplitude of each received ) o signal s « o U mtxi each 

, mmmm^'h 'n^t'iu w an> no *c» m< - - 

> „< > d>o D 
S* u Vi\ i^O^r iHh.J.! ^ > > ^ 

> ( > Si a m »^ - 

4 t <v^ v a of receiving < plurality i > . « ,v ^ signals at a receiver of claim IS, 

f < .; i n> f 4 t > - s » > < ! s - n^v.au\-i > ^ oded m ! 01 on 
stream, 

o > < < , < t ?< m ! iK'oi iam v 

U s i vt < U a ih\ - a- » d « « i h > t iUt& 
distonmn reference. 

21 . The method of receiving a plurality of infornnmoo signals at a roeeivor of claim 19, 

u | „ x » d ' f t < a 3 v 

egusl. 

N * |k I v > > U i ' > i 5 V< 

v ,i\ ' of the ismrddudes oidbe received aiformadoa. signals. 

23. i \ aaahad >n , a. panaldy of iufonoauon signals at a receivox of claim 19, 

ndnuein dse ooi.se rck *oce uk\ ih< dissoraoa r fore; a. a are u.l< daw 
aiding m s < i \ of a avosimssion roode of the > * s s > sig«;dn 

" I K *h \ r ,> *o ' » i o < > a 1 i 

tree ' moc <. \ »> H \ n s * » 1 



x $st one sub-carrier of the received mo ipk er s ed I ilienobc 

t nltK' wn w vk\! f s < > v - ^ * J d, 

g Mv r \'i>vi 'be <hM - b-s line? 

> TV K ! o " - x - 1 

eacb receiver channel is accomplished ee ^ f receivers phase-looked to a 
> t I » u \ - « v - ^ 

- a-. , j< <" t ^ . x > s -> ! 

" 0 K l " «1 .< m } » < * 

t } < < ; * nn m > > ^ g n < - , , ' e< 

k <. i i ! <> e ktd «3 < 

mlHvi of the infbr.ro ati on sigaals by esiiroatiBg fee noise reference and digferrlorr 
, e oi d reed 

* I > ' v o, of v 5 K 

ikther ^ *> > 5 morbtenag a noise \ . v ead a ^ >.> reference^ 

28. The method of receiving a i so » v , se ao< sign V t a receiver of claim i\ 
a <a he i snm a s f > b 

» h.e,ae,5 < .aaxa of die aoixe reference and the distortion w a . 

, i o v v S ! < » » ! ) i i S 

cm dee - - > ' > > 1 ! 1 5 



U 5 ,1 >s K i ,« >U f <J ^ 

32, The method of receiving a e (iff n i o o sigusls > o osee; ver ©fcteim 19, 
wherein (fee icceiv«d *\ i u - > if o multiple earner signals, a* to ooise 

< f m i 01 n f^us t ,) v s 

v. S n if * ' t 

V (> H HI * s 1 < P ! ! - > ^ f O >j f lf| le 

, Mv M ! < ! S ' i > ! 1 I Mil * 

signals 

; ,K !K « = , M > ,! i ' '! !^ 

; <f ! 1 <. i K ( > vu- 'Kill ( \ v< a t StK 

of aoiso sod disiortiox^ over a pluralUy of , intervais. 



■2?- 



1/9 




2/9 




3/9 





FIGURE 4 



5/9 





m .S20 

cA-'#- 

AM f 



:;r~ 



630 



A/D 



LON 



....635 



SIGNAL 

- • . .3-3 HQ 



...680 



si ! 2 f 



i ^670 



LPF ~ 
AVERAGING 



-675 



"650 



* L. 



^GST^SRROR.^ 



LF1 

AVERAGING 



FIGURE 6 



7/9 



i>cmm.snmn 




FIGURE 7 



810 



820 



Ai i THF RECEIVED INFORMATION SIGNALS ARE AS GREAT AS 
- ^ , rM,~-„ VT,OOs HP 



FIGURE 8 




1 EACH RECEIVER CHANNEL RECEIVING THE 

; - ,: v dot v\s 

i .. 



S20 



ADJUSTING AN AMPLITUDE OF EACH RECEIVED 
M? RAMI "A GNAL ASSOCIATE 

HE 1PL1TUDEE 
RECEIVED INFORMATION SIGNALS ARE APPROXIMATELY 
EQUAL TO A MAXIMUM TARGET LEVEL 



1 $ 

FURTHER ADJUSTING AN AMPL : F I 
RECEIVED INFORMATION SIGNAL ASSOCIATED WAN | 
EACH RECEIVER CHANNEL SO A SIGNAL ERROR j 
ASSOCIATED WITH EACH OF THE INFORMATION 
RiAM-i A 6 r v RAi < < , r ^ - 
THE RECEIVED INFORMATION SIGNALS 



FIGURE 9 



INTERNATIONAL SEARCH REPORT 



PCI /US CO/09322 



. : 1 — ^JLJL,:,. :.: 



tPO-Internal . WPI Data 









i 
y 


£f I . > \ ■■ ^ ' \ *■ < " 
6 K&rch 2002 (2002-03-06} 
abstract 

page 2. Vine 45 -pm 0, line 2 
page 3, me 30 -pags 3, £2 
claiRS 1,2 


2,6-17, 
19-34 


:f' : " 


us s 764 694 a mm &m 1 ET At) 

K1 < 998 (1998-01 *3 
abstract 
flqyrc 3 

column 4. line 10 -column 4. line 6S 


2 

1S-34 




18 Ouly 2093 


31/07/2003 


• , ■ < < *JX, ft! 


fen^rsdez Cycles, 8 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCI US ( 



} September 1999 {1999-09-01} 
abstract 

paqe L 11ns I -page 3, line 32 
oage 9. line 6 -page IK floe 32 



pags 2 of 2 



i m * l OH R&PQ 



P« ? I S 33 



> ■ *\ i OSte I ««3ri&®f{S> | CS8S8 



EP liaSOOl A 06-03-2002 


US 


2002122383 hi 


OS-09-200? 




CA 


235I14C Al 


01-03-5:002 




CA 


2355433 A I 


01-03-2002 




EP 


U 850Gi A 2 


06-03-2002 




£F 


U85G48 A2 


06-03-2002 




US 


2002I2238i Al 


05-09-2002 




US- 


mzmmz a: 


05-09-2002 




US 


2002G41625 Al 


11-04-2002 











SB 2334861 A H-QS 



f-i"! ,">SA« :') ipiiw-S i«r;:>,- sin«s; ;Mviy "?«:) 



